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Abstract. We calculate the elastic and inelastic uiN^ljN, -^tvN, —>pN, -^pnN, -^nnN, -^aN reactions within 
a boson exchange approximation where the ujp-K coupling constant and form factor are fixed by the reaction tvN^ujN 
in comparison to the experimental data. We find rather large u)N cross sections at low relative momenta of the aj-meson 
which leads to a substantial broadening of the o;-meson width in nuclear matter. The implications of the uiN final 
state interactions are studied for u production in 12 C+ 12 C, i0 Ca+ i0 Ca and 58 Ni+ 58 Ni reactions at about 2 A GeV 
within the HSD transport approach; the drastic changes of the transverse mass spectra relative to a general mr-scaling 
(for 7T° and r/ mesons) might be controlled experimentally by the TAPS Collaboration. 

PACS. 25.75.-q -25.80.-e 




1 Introduction 



The properties of hadrons in a dense and hot nuclear medium 
are of fundamental interest with respect to the question of chi- 
ral symmetry restoration in such an environment, where a new 
hase of strongly interacting matter might be encountered [jj], 
Q]. The properties of vector mesons here are of particu- 
lar interest since these can be studied experimentally via their 
decay to dileptons. Whereas the p-meson spectral function in 
the medium has been discussed to a large extent the 
properties of the w-meson in dense matter especially at finite 
relative momentum are achieving increasing interest [p|, |lO| , |l~ij , 
|T^, |l3],|l4 , 1 5 16|| . As in case of the p-meson the w-meson prop- 
erties at low baryon density are dominantly determined by the 
interactions with nucleons; real and imaginary parts of the scat- 
tering amplitude then are determined by dispersion relations. 
It is thus of fundamental interest to obtain some information 
about the uiN scattering cross sections which except for the 
channel irN^uiN are not accessable by experiment. 

In this work we address the latter question in a boson - 
exchange approach and study the implications from the uN fi- 
nal state interactions for co production in nucleus-nucleus reac- 
tions around 2 A-GeV in the context of present experiments by 
the TAPS Collaboration. In Section 2 we will calculate the var- 
ious elementary ujN channels within a boson-exchange model 
and discuss the uncertainties due to coupling constants and 
form factors. The transport calculations within the HSD ap- 
proach [|l7[j for w-meson production in nucleus-nucleus reac- 
tions will be presented in Section 3. A summary and discussion 
of open questions concludes this work in Section 4. 



2 uN cross sections 

We start by recalling some general features of the uoN cross 
section. Since the cj-meson mass is about 5.5 times larger than 
the pion mass, at low w-meson momenta the exothermic reac- 
tions like ujN^ttN, loN— >2ttN, ujN^SttN and other chan- 
nels with a production up to 5 7r-mesons should be dominant 
and the corresponding inelastic cross section behave as 
(Tinei^l/pu, where p^ denotes the laboratory momentum. 
When the total mass of the final particle becomes equal to 
the total mass of the incident ones, e.g. in the u)N—>pN or 
LoN^ruiN reaction, the relevant cross section should approach 
some constant at low p u . On the other hand the endo thermic 
inelastic reactions, where the total mass of the produced parti- 
cles is larger than the initial mass, have a threshold behaviour 
and are more important at high energies. 

The amount of the available ujN reaction channels, espe- 
cially in the inelastic sector, is quite large. Thus one needs a re- 
liable model for the w-nucleon interaction at energies up to few 
GeV. The complexibility of the problem has been addressed in 
the recent studies from Klingl, Kaiser and Weise [ |l2| , |l3| ] and 
Friman [jl5L|[6p, where some of the ujN reaction channels were 
calculated. However, as pointed out in Refs. [ p3[p^ ] the calcu- 
lated results are very sensitive to the parameters of the model, 
i.e. coupling constants, form factors, etc. 

As a first step for a simplification we adopt the ujp-K dom- 
inance model proposed by Gell-Mann, Sharp and Wagner [ |l"8| | 
as well as the a exchange approximation, which accounts for an 
effective two-pion exchange in the spin-isospin zero channel. 
In practice we restrict to the diagrams shown in Fig [l] which 
contain the wp7r-vertex and the ojcrw-vertex. In this way we 



2 



G.I. Lykasov et al.: uiN final state interactions and oj-meson production from heavy-ion collisions 



to 



7T 



CO 



CO 



iP 



a) 



T7T 



T 7T 



c) 



tO 



P 

-N 

■ 7T 

■ CO 



00 



b) 



TP 



d) 



CO 









p 


i 


0.4 - 








_Q 






LU] 




N 


C 


0.2 ■ 




"O 






b 










n 




- 




i 

i_ 




N 




0.4 - 




_Q 




7T 


LU] 






G 


0.2 ■ 








a 


b 











T CJ 



e) 



f) 



Fig. 1. The diagrams for the uiN reaction channels evaluated in the 
text. 



expect to obtain lower bounds especially on the total inelastic 
scattering cross section. 

One way to construct the uipir Lagrangian is due to the 
current-field identities of Kroll, Lee and Zumino Jl9[|, where 
the isoscalar and isovector parts of the electromagnetic cur- 
rent - with the uj- and p-meson currents, respectively - can be 
identified. Starting with the Lagrangian for the vector-meson 
photoproduction on the nucleon one can construct the corre- 
sponding Lagrangian for the vector meson-nucleon interaction 
as in Ref. [g0|. The photoproduction of p and w-mesons on the 
nucleon close to threshold {E 1 <2 GeV) has been analyzed by 
Friman and Soyeur [|o| also within the framework of the one- 
boson exchange (OBE) model. In this sense the OBE model 
can be applied to elastic and inelastic uN interactions. Further- 
more, the relevant coupling constant g up7r as well as the corre- 
sponding form factor can be taken from the earlier analysis in 
Ref. [[20). In the present work we additionally consider uiauj- 
vertices and discuss the uncertainties related to the coupling 
constants and form factors at the vertices. The latter uncertain- 
ties are reduced to a large extent by the analysis of experimental 
data on the ttN-^ujN ( or inverse ujN-^ttN) reaction. 



2.1 The channel ujN^ttN 

The uiN—>irN cross section can be controlled by the experi- 
mental data on the inverse reaction via detailed balance. The 
OBE diagram within our approach for the ttN^ujN reaction 
is described by the p-meson exchange as shown in Fig. [j]a). For 
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Fig. 2. Differential cross sections for the -K + n^uip reaction at pion 
momenta of 1.24 GeV/c and 1.44 GeV/c. The data were taken from 
Ref. [ p7| ] and are shown for 100 MeV-wide cm. energy intervals while 
the solid lines show our calculations. 



our present study we adopt an effective Lagrangian for the ujpir 
interaction as 



(1) 



where the coupling constant g upT[ = 11.79 was evaluated from 
the Lu^iiT partial width assuming the virtual p model for the 
w-meson decay [ 18 1. Our result is close to g wp7r = 10.88 from 
Ref. In (p e Q /3 7 a denotes the antisymmetric tensor while 
p, uj and 7r are the corresponding meson fields. The pNN La- 
grangian is taken as 



CpNN = SpNN (N^tN ■ Pp 



(2) 



where N stands for the nucleon field, r for the Pauli matrices, 
<?piVAr=3.24 according to Ref. [p2|], while the tensor coupling 
constant is given by the ratio k=J ' p nn / 'g P NN—G-l ■ 

The differential cross section for the ttN—^loN process is 
given as 



da 



cupn 



l 



r ujpTT r pNN 

il 8TrX(s,m 2 N ,ml) (t~m 2 p ) 2 

( f 2 A 

\2 _ 2 2 , | / 2 J pNN b \ 



(g P NN + I p nn) m^q-J,^- g pNN 



Am 2 N 



8 s 



A(s, m 2 N , ml) A(s, m 2 N , ml) 



(3) 
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where 



Am 2 



(4) 



In Eq. (g) s is the squared invariant collision energy, t is the 
4-momentum transferee! from the initial to the final nucleon, 9 
is the production angle and 



\{x, y, z) = (x - y - z) - 4yz. 
For the uipn vertex we use the form factor 

A 2 - ml 

F(t) 



A 2 -t 



(6) 



We note that using a formfactor similar to (|g) for the pN TV- 
vertex the energy dependence of the ttN^loN production cross 
section as well as the differential cross sections cannot be de- 
scribed properly. Similar difficulties in comparing the p- ex- 
change model with experimental data were found by other au- 
thors [ |24] , [25| , |2(| ^7[[2q ] . We, therefore, introduce a more gen- 
eral formfactor at the pTV TV- vertex as[] 



F(t, s) = exp {j3 1) exp (—a s) 



(7) 



To fix the cut-off A in the uipir vertex as well as the pa- 
rameters (3 and a in the pNN vertex we fit the available ex- 
perimental data on differential and total cross sections for the 
irN^uiN reaction. 
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Fig. 3. Differential cross sections for the ■k n— fujp reaction at pion 
momenta of 1.87 GeV/c and 2.1 GeV/c. The data were taken from 
Ref. p7| ] and are shown for 100 MeV-wide cm. energy intervals while 
the solid lines show our calculations. 



Figs. U^show the n + n^ujp differential cross section 
for pion momenta from p^= 1 .24 to 2. 1 GeV/c together with our 



1 For a discussion of the ansatz 
therein. 



see Ref. [|29h and references 
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Fig. 4. The 7r + n— >ajp (a) and n~p-^cun (b) differential cross sections 
as a function of the transverse 4-momentum squared. The data were 
taken from Refs. | p4| , |3o| ] while the lines show our calculations. 

calculations (solid lines). The data are shown for 100 MeV- 
wide y/s ene rgy intervals centered at the pion momenta indi- 
cated in Figs. ||3|. Note, that only statistical errors are shown. 

Fig. ^a) shows the TT + n-^uip differential cross section 
at the pion momentum p n =2.7 GeV/c together with our calcu- 
lations while Fig. ^p) shows the comparison to the ir~p-^ujn 
data @ at ^=3.65 GeV/c. 

From the fit of the experimental data with respect to the s- 
dependence of the cross section and the differential cross sec- 
tions da/dt the parameters were fixed in the following way: 

A = 2.7 GeV; (3 = 2.3 GeV~ 2 ; a = 0.16 GeV~ 2 . (8) 

Fig. |] shows the total 7r + n— +wp and 7r~p— »um cross sec- 
tion as a function of the pion momentum. Again the data are 
reasonably reproduced with A— 2.7 GeV, which we now fix for 
the following analysis. 

The calculated cross section for the inverse reaction uN — > 
ttN is shown in Fig. ^ for A%=2.7 GeV as a function of the oj- 
momentum in the laboratory in comparison to the experimental 
data obtained by detailed balance. 



2.2 The channel u>N^pN 

The coN^pN cross section can be calculated in the one-pion 
exchange model using the diagram in Fig. fib). The Lagrangian 
for the ojpTT interaction is given by Eq. (]!]), while the ttNN 
Lagrangian is taken as 



£-kNN = -igTTNNNj 5 rN ■ ir 



(9) 
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Fig. 5. The -K + n— >ivp (circles) and ir^p^un (squares) total cross 
sections as a function of the pion momentum. The data are from 
Ref. pl| ] while the solid line shows our calculations for the cut-off 
parameter A=2.7 GeV. 




Fig. 7. The cross section for the uN-^pN reaction. 



where the coupling constant and the form factor for the iop-K- 
vertex is fixed by the itN—>ujN calculations. The irNN form 
factor was taken as in Eq. (H) with the cut-off parameter A = 
1.05 GeV in line with Ref. ©. 

The resulting uiN-^pN cross section is shown by the solid 
line in Fig. ^ as a function of the w-meson laboratory momen- 
tum; the cross section is practically constant at low momentum 
( w 1 8 mb) and levels off at higher momenta due to the form fac- 
tors involved. However, above momenta of about 200 MeV/c it 
is already larger than for the ttN final channel. 



2.3 The channel ujN^pnN 

The relevant diagram for the reaction ujN^pnN is shown in 
Fig. |J;) and the corresponding total cross section can be cal- 
culated by using the Berestetsky-Pomeranchuk approach 

as 



1 



p„ [GeV/cl 



48tt 2 A(s, m 2 N ,ml) 



dsi\ 1/2 (si 1 m 2 K ,m i N ) 



Fig. 6. The cross section for the ujN^-kN reaction as a function of the 
laboratory ^-momentum. The solid line is our calculation while the 
full circles show the ujp~ *Tv + n experimental data obtained by detailed 
balance. 



with the coupling constant g^NN =13.59 | 

The uN^pN differential cross section then is given by 



da 
lit 



2 , duip-rr 

~9ttNN 1 — T~ 



771 



2\2 



Am, ,m~ 



96 7T X(s,m 2 ,m 2 N ) 



(10) 



Xa nN (si) / dt 



q 2 F 2 



(t-ml-mlY 



4m 2 J m 2 , 



(11) 



In Eq.(|TT]) si is the squared invariant mass of the final ttN 
system, oy ;y is the ttN^ttN elastic cross section taken from 
Ref. [fl) and 



= ml 



m 2 N ) 



x (s + m; \- s x ) TA 1/2 (s, ml , m 2 N ) A 1/2 (s, m 2 Sl ) 



• (12) 
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The resulting uuN^pirN cross section is shown in Fig. |]a) 
by the dashed line while the arrow indicates the corresponding 
reaction threshold. Now replacing the elastic irN—nrN cross 
section in Eq. ([y]) by the total cross section irN — > NX we 
obtain an estimate for the inclusive uN-^pNX cross section, 
which is shown in terms of the solid line in Fig. ||a). This chan- 
nel provides an inelastic ojN cross section of about ~25 mb at 
higher momenta. 

In Fig. ||a) we have adopted the on-shell approximation [|34[], 
The off-shell correction to the irN amplitude can be estimated 
e.g. as proposed by Ferrari and Selleri |B3], i.e. replacing i— >m 2 
in the A-function of Eq. (O) and introducing the form factor 



F(t) 



A 1 



A 2 -t 



(13) 



at the irN-^nN vertex. 
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Fig. 8. a): The exclusive uiN-^pnN (dashed line) and inclusive 
ujN—>pNX cross sections calculated with the one-pion exchange 
model and within the on mass-shell approximation. The arrow in- 
dicates the threshold for the exclusive reaction, b): The exclusive 
ujN^pnN cross section calculated within the off mass-shell ap- 
proach for different cut-off parameters A in the nN^nN vertex. 



The solid line in Fig. gp) indicates the corresponding calcu- 
lation when neglecting the form factor at the irN—>irN vertex 
(A = oo), the dashed line shows the calculation with the cut- 
off parameter A=2 GeV while the dotted line corresponds to 
A=l GeV. Note, that the uncertainty due to the cut-off param- 
eter is quite large when varying A from 1 GeV to oo. How- 
ever, the comparison between the dashed line in Fig. ^|a) and 
the dotted line in Fig. |8j3) indicates that the results obtained for 
A=\ GeV (in line with Ref. [36|) are in reasonable agreement 
with the on mass-shell calculations. Thus in the following we 
will adopt the on mass-shell approximation. 




[GeV/cl 



Fig. 9. The exclusive ojN^2ttN and inclusive ujN— >nNX cross 
sections. The arrow indicates the LuN—>irpN threshold using the p 
pole mass. The inclusive cross section is calculated for the invariant 
mass of the 7riV-system above m p +mjv. 



2.4 The channel ojN~>2nN 

The <jjN^2itN cross section can be calculated in the p-meson 
exchange model as shown by the diagram in Fig. |l]d). By taking 
into account the on-shell pN—>irN amplitude the total cross 
section is given as 



1 



. , , , d Sl \ 1,2 {si,m 2 m 2 N ) 

32?H \{s,m%,mi) 1 



t+ 

xv p n^7tn(si) J dt 
t- 



q 2 F 2 
ml (t - m 2 ) 2 



[t + ra 2 



,(14) 



where 



1 

2s 



m 2 N ) 



x(s + ml- si) TA 1/2 (s, m 2 , m 2 N ) A 1/2 (s, m 2 , si) 



■(15) 



In Eq. ([l4]) the pN-^nN cross section was taken as in 
Ref. [p7|, 



v p n^itn(si) — — yt 



3 X 1 / 2 (si,m 2 p ,m 2 N ) 

r 2 

(Vi7-M)2 + r 2 /4' 



(16) 



with the parameters a=413 /ib/GeV 2 , A/=1.809 GeV and r 
= 0.99 GeV. Note, that the function A 1/2 in Eq. (Q is can- 
celled by Eq. ©. The cross section ujN~^2tiN calculated 
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with Eq. (|l4|) is shown in Fig. ^ and approaches 30 mb for 
omega momenta of 10 MeV/c, but dropps off fast with higher 
momentum. 

Now we replace the pN^nN cross section in Eq. (|l4|) by 
the total pN cross section taken from Ref. [ ^8[ | in order to es- 
timate the inclusive ojN^ttNX reaction due to p-meson ex- 
change. However, we replace the lower limit of the first integral 
in Eq. (jl4j) by (toat + m p ) 2 , which allows us to estimate only 
part of the total cross section. This calculated cross section is 
shown in Fig. ^| together with the threshold given by the bare 
p-mass (arrow) for momenta above 1 GeV/c. 



2.5 Elastic uN^wN scattering 

We describe elastic ui N scattering by the sigma-exchange model 
shown in terms of the diagram Fig. which effectively ac- 
counts for a correlated two-pion exchange in the spin-isospin 
zero channel. The Lagrangian used reads 




9u 



£<tNN = gaNNNN ■ cr, (17) 
(d a uj f) d a uj l3 - d a uj (3 d p uj a ) a, (18) 



with the scalar coupling constant ga-NN= 10.54 and monopole 
form factors with cut-off parameter A=2 GeV at the aNN ver- 
tex A 

An upper limit for the ujouj coupling can be obtained from 
the w^27r°7 partial width assuming that this decay entirely 
proceeds through the u— ><tuj process followed by the uj-^j 
transition due to the vector dominance model and the <t— »27r° 
decay. Starting from the Lag rang ian ( |l8| ) and integrating over 
the a spectral function Post p0| ] obtained g U(T u ~ 5.7 taking 
into account the most recent data [[yj on the lo^2tt°j decay. 
A coupling <? wcrw =0.5 was estimated in Refs. [ ^2[p3| ] from the 
oj— >27r°7 decay [ p4[ ] using, however, a different Lagrangian for 
the ujaoj interaction and replacing the cr-meson spectral func- 
tion by a ^-distribution. 

On the other hand, as proposed by Singer the ui— >2ir~f 
decay may proceed also through the two-step process u^pir 
followed by the p—tir'y transition; the data on the partial u> — ► 
27r°7 width indeed can be entirely described by the latter pro- 
cess. A more sophisticated analysis has been performed by Fa- 
jfer and Oakes [Bq|, who consider a three-step process m^pir 
followe d by p^nui and as a last step the uj^j transition. They 
predict [ ]4q ] a branching ratio for the w— »27r°7 decay of 
8.21 x 1CP\ which is compatible to (7.2±2.5) x 10~ 5 as quoted 
recently by the PDG [{fij . 

We point out that there are no reliable constraints for the 
uau! coupling constant and in the following calculations adopt 
5wo-oj=1-76 keeping it essentially as a free parameter of the 
model. To demonstrate the uncertainty, we will also present fi- 
nal results for g WCTa) = 0. Furthermore, we use a monopole form 
factor with cut-off parameter 4=2.0 GeV for the uauo vertex. 
With the latter value g uauj =\ .76 the resulting elastic and inelas- 
tic contributions to the uN cross section will be quite moder- 
ate. 

The elastic loN^loN cross section then can be calculated 



as 



da 



ilaNN ■ 



I 2 



167T A(s, m\ 



{Am 2 N ~ t) 



Fig. 10. The luN—>uN elastic cross section. The solid line indicates 
the calculation within the a-exchange model for g ucrul = 1.76; the dot- 
ted line is the high energy limit @, while the dashed line shows our 
interpolation (EH). 



r uaui £ oNN 



mf,t 



t 2 
12 



T7T d9) 



with 77i CT =550 MeV. The result of this model is shown by the 
solid line in Fig. 10 and indicates a maximum of w 15 mb at low 
relative momentum but levels off very fast for high momenta. 

The high energy limit for the loN-^luN elastic cross sec- 
tion can be taken in the Quark Model @|8]| as 



&ljN- 



jN 



(s) 



i+N^tv+n(s) + O^-iV— 7i-iv(s)] j (20) 



which is shown in Fig. 10 by the dotted line above momenta of 
1 GeV/c. We add that in Eq. @) the elastic tt^ 1 N cross section 
is taken from Ref. and the identity (|o|) is used at the same 
invariant energy for the ojN- and 7rA-interaction. 

For our following applications to heavy-ion transport sim- 
ulations we interpolate the luN elastic cross section within the 
range from 10 MeV/c up to 10 GeV/c as 



<r e i = 5.4+ 10exp(-0.6p w ) [mb], 



(21) 



where p u denotes the laboratory momentum of the w-meson in 
GeV/c. The parameterization (|Tj) is shown additionally by the 
dashed line in Fig. 10. 



2.6 The channel uN^oN 

When incorporating the wcroj-vertex for elastic uoN scattering 
one has to consider this vertex also in the uiN-^aN reaction 
due to w-meson exchange as shown in Fig. |l]f). The differential 
cross section for this process is given by 



dt 



2t 



4m 2 N 



r ultra! r ujNN 



96wml \{s,ml,m 2 N ) (t - ml) 2 



[(*■ 



4m,., m J 



(22) 
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p„ [GeV/c] 



Fig. 11. The cuN^aN cross section within the oj-exchange model for 
ffw CT a>=1.76. 

We introduce a monopole form factor at the uiNN vertex with 
the cut-off A=\. 5 GeV [j39|. The parameters for the ojolj vertex 
are the same as for the uiN^cuN calculations. This results in 
the ujN^raN cross section shown in Fig. 1 1 , which also gives 
up to 30 mb for low oj momenta. 



2.7 The total ujN cross section 

We finally incoherently sum the partial cross sections - calcu- 
lated for the different u>N reaction channels - and show the 
result in terms of the solid line in Fig. |l2| In order to demon- 
strate the uncertainty due to the unknown coupling g U(TU we 
also show the total cross for <7u, CTa ,=0 (dash-dotted line), i. e. 
neglecting the diagrams le) and If). In this limit the cross sec- 
tion is on average reduced by about 25%. 

In this summation we have taken the cross section for the 
inclusive LoN^pNX reaction instead of the exclusive uiN — ► 
pir N reaction. Again at high momenta our result can be com- 
pared with the estimate from the Quark Model [^7[^8[j obtained 
with Eq. ( [20] ) by replacing the elastic wN cross section with the 
total cross section. This result is shown by the dashed line in 
Fig. [l2| and matches with our calculations in the OBE model at 
momenta of 0.5 GeV/c. 

Furthermore, at high momenta the u>N total cross section 
can be estimated within the Vector Dominance Model, where 
the total uN cross section can be related to the forward 7^ — > 
wN differential cross section as [pOR 



2 7^ 1 



dcr-, 



(It 



(23) 



t=o 



where q 1 and are the photon and w-meson momenta in the 
jN and loN center-of-mass systems at the same invariant col- 
lision energy y/s. In Eq. (^3|) a u denotes the ratio of the real 
to imaginary part of the uiN forward scattering amplitude [Boh, 



while g u is the juj coupling constant. We neglect and take 
/47r=4.9 from Ref. [pip. The full circles (with error bars) in 
Fig. [j~2| show the total uiN cross section obtained from the ex- 
perimental data on forward w-meson photoproduction 

For the following transport calculations the total inelastic 
ujN cross section is separately fitted and interpolated as 



4.0 

(Tinel = 20 H [mb], 



(24) 



where the laboratory w-meson momentum p u is given in GeV/c. 
The parameterization for the total ojN cross section then is 
given as a sum of the elastic ( pTj ) and inelastic (24) cross section 
as shown by the dotted line in Fig. |l2[ Especially the inelastic 
ujN cross section is found to be quite large at low momenta 
and implies substantial final state interactions of the a>meson 
in the medium. This also holds for the limit <7 wcrw =0. 

In line with these final state interactions the w-meson will 
change its spectral function in the medium and (in first or- 
der) will acquire a larger width due to collisional broadening 
at baryon density pB, 



r co u(puj) 



(2tt) s 



d 3 pv wN ct wN (\/s) 9{pf- |p|), (25) 



with u w jv denoting the relative velocity between the oj-meson 
and the nucleon; pp is the nuclear Fermi momentum and yfs 
the invariant energy of the ujN system. 




Fig. 12. The total uiN cross section as a function of the o;-meson mo- 
mentum in the laboratory system. The solid line shows our result as 
an incoherent sum of the calculated partial cross sections; the dash- 
dotted line is obtained when omitting the diagrams le) and If), i.e. for 
guicrui=0. The full circles show the results obtained within the VDM 
from the data on forward ^-photoproduction. The dashed line illus- 
trates the estimation from the Quark Model while the dotted line is 
our actual parameterization. 
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Fig. 13. The in-medium w-meson width due to collisional broadening 
as a function of the laboratory u-meson momentum. The solid line is 
obtained when including all channels while the dash-dotted line re- 
sults for (7^0-^=0, i.e. neglecting diagrams le) and If). 



The result for r co u at density p (ppfv0.26 GeV/c) is shown 
in Fig. [jj] by the solid line as a function of the cj-meson mo- 
mentum relative to the nuclear medium and is about 50 MeV at 
low uo momenta, but increases to 100 MeV above p u ~l GeV/c. 
In the limit g W(TW = (dash-dotted line) the collisional width is 
about 25% smaller up to relative momenta of 1 GeV/c; this 
represents the lower limit in our present approach. Our result is 
substantially larger at p u sa than the estimate of 20 MeV in 
Ref. [|l<| and slightly larger than the result of Klingl et al. Q 
due to the additional channels taken into account in our compu- 
tations. Nevertheless, the collisional width for w-mesons pro- 
duced at rest in nuclei is still small compared to its mass. 



neutral pions 

exp(13.4-13m T ) 




(no abs.) 



1.25 1.5 

m T (GeV) 

Fig. 14. The inclusive transverse mass spectra for ty° (solid histogram) 
and o;-mesons (divided by a factor of 3 due to the ui polarizations) 
from C+C collisions at 2 A-GeV. The dashed histogram shows the 
calculations with all uN interactions while the dotted histogram is 
obtained without u> absorption. The thick solid line indicates the tut- 
scaling. 



in the medium for the systems 12 C+ 12 C, 4Q Ca+ 4Q Ca at 2 A 
GeV and 5S Ni+ 58 Ni at 1.9 A-GeV, which are studied experi- 
mentally by the TAPS Collaboration also for w-meson produc- 
tion via the Dalitz decay ui^ir ^. 

Figs. nJ,n5ln6^show the calculated inclusive transverse mass 
spectra for vrHand w-mesons with the transverse mass defined 
as rriT 



\/ p\ + m 2 , where px is the transverse momentum 
and m stands for the mass of the meson. The solid histograms 
in Figs. |I^|T5j|lrj| show the 7r°-meson spectra while the straight 
solid lines indicate the scaling 



3 ^-production in heavy-ion collisions 

The production of u>-mesons from heavy-ion collisions has been 
calculated previously within the HSD transport approach [ |53| ] 
and is described e.g. in more detail in Ref. |Q. 

In these transport simulations the tj-absorption as well as 
elastic scattering in the nuclear environment are explicitely in- 
cluded as well as (optional) a reduction of the to pole mass 
at finite baryon density. In the present study we concentrate 
on the impact of the ujN final state interactions with nucleons 
especially with respect to a global m^-scaring suggested by 
Bratkovskaya et al. [ |53[ ] for meson production from heavy-ion 
collisions at SIS energies. The latter scaling was found to be 
well in line with the spectra for ir° and -q mesons as measured 
by the TAPS Collaboration [f^Hl- 

Employing the elastic and inelastic loN cross sections from 
Section 2 we have performed calculations without w-potentials 



-X- ~t~~ = A cxp(-5m T ) (26) 
m T drriT 

with parameters A and B given in Table [lj 

Indeed the neutral pions follow the scaling within the sta- 
tistical accuracy. The transverse mass distributions for the oj- 
meson, which were divided by a factor of 3 as in Ref. [ ]53| | due 
to the 3 different polarizations of the w-meson, are shown by 
the dotted histograms when neglecting the cj-meson absorption 
in nuclear matter due to the inelastic ujN interactions. In this 
limit the m^-scaling is overestimated especially for Ca+Ca 
and Ni+Ni. The dashed histograms show the calculations ac- 
counting for the w-absorption as well as luN—>uiN elastic scat- 
tering. In all cases the m^-scaling relative to neutral pions is 
underestimated especially for low transverse mass of the u>- 
mesons which results from the large absorption cross section 
for w-mesons at low relative momenta according to Section 2. 
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Fig. 15. The inclusive transverse mass spectra for n (solid histogram) 
and w-mesons (divided by the number of polarizations) from Ca+Ca 
collisions at 2 A-GeV. The dashed histogram shows the calculations 
with all luN interactions while the dotted histogram is obtained with- 
out ui absorption. The thick solid line indicates the mr-scaling. 

Table 1. Parameters of the mr-scaling approximation (j2fi|). 

System C + C Ca + Ca Ni + Ni 

Energy (A-GeV) 
A (b-GeV -3 ) 
B (Ge^ 1 ) 



Table 2. Inclusive oj-meson production cross section from C + C, 
Ca + Ca and Ni + Ni collisions calculated with and without final 
state interactions of the lu mesons. 



2.0 


2.0 


1.9 


660 


6583 


9821 


13 


13 


13 



System C + C 

Energy (A-GeV) 2.0 

a (mb) with FSI 1.42 

a (mb) without FSI 6.52 



Ca + Ca Ni + Ni 

2.0 1.9 

10.56 19.5 

91.4 206.8 



Fig. 17] shows the nuclear transparency coefficient as a func- 
tion of the cj-meson momentum in the center-of-mass for C + 
C, Ca + Ca and Ni + Ni systems. Here the nuclear trans- 
parency coefficient is defined as the ratio of the cj-mesons de- 
tected assymptotically for t^oo to the total number of the u>- 
mesons produced in elementary pion-baryon and baryon-baryon 
collisions. The effect is most pronounced for slow cj-mesons 
since the inelastic luN interaction is very strong at low mo- 
menta (cf. Fig. [l~2| ). 

Table ^ shows the inclusive w-meson production cross sec- 
tion for C + C, Ca + Ca and Ni + Ni collisions calculated 
with and without ujN final state interactions. Even for the light 
system C + C the oj production cross section is reduced by a 
factor ~ 4.5 due to strong absorption. 





1 ^ 
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(mb 
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9 Ni+ 59 Ni at 1 .9 A GeV 



-neutral pions 

exp( 16.1-1 3 m,) 



ai (abs.) 



1.25 

m T 
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Fig. 16. The inclusive transverse mass spectra for it (solid histogram) 
and w-mesons from Ni+Ni collisions at 1.9 A-GeV. The dashed his- 
togram shows the calculations with all cuN interactions while the dot- 
ted histogram is obtained without lu absorption. The thick solid line 
indicates the mr-scaling. 

4 Summary 

Within the meson exchange model we have calculated different 
partial cross sections for the uiN interaction, i.e. uiN^wN, 
ujN^pN, ujN^ujN, uN^pirN, ujN-^pNX, ujN^2ttN, 
uiN—^2ttNX and ujN—htN reaction channels. The free pa- 
rameters of the model were fixed by the available experimen- 
tal data on the ttN—*uiN reaction [ 24 , 30|, pi|] or adopted from 



the study on vector meson photoproduction[E0p except for the 
wirtj-vertex, where we have adopted a conservative low cou- 
pling constant; lower limits for our cross sections are obtained 
for g UC rLu = 0. We note that the OBE calculations performed 
here do not correspond to ab initio calculations but serve as 
a convenient method to extrapolate from available data to un- 
known, but related channels. We estimate the relative error in 
the various cross sections to be within a factor of 2. 

At high energies, i.e. lu momenta above a few GeV/c, the 
total cross section approaches a conventional hadronic cross 
section of ~ 25 mb according to the prediction from the Quark 
Model as well as the estimate from the Vector Dominance model. 
The total cross section at low ui momenta according to the OBE 
model sums up to a few hundred mb which indicates a size- 
able rescattering and reabsorption of the oj-meson in the nu- 
clear medium. The collisional broadening of the w-meson at 
nuclear matter density po amounts to 40 - 50 MeV at rest, but 
increases with momentum up to 80 - 100 MeV. Thus the ui 
spectral function at po is dominated by the hadronic couplings 
in the medium. This statement holds also in view of the uncer- 
tainties still involved in the OBE approach. 

Furthermore, we have investigated the impact of the u>N 
final state interactions on cj-production in heavy-ion collisions 
around 2 A-GeV. It is found that due to strong absorption the 
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total w-meson production cross section from C + C collisions 
at SIS energies is reduced by a factor of ~4.5 and by a factor of 
~10 for Ni + Ni collisions. Furthermore, we find a significant 
deviation from the mT-scaling behaviour predicted in Ref. [ |53| ] 
- where lower ujN cross sections from Ref. [|llj had been em- 
ployed - for w-meson production in heavy-ion collisions due to 
the strong final state interactions for slow oj-mesons. These mr 
distributions might be controlled by the TAPS Collaboration in 
near future and provide further experimental constraints on the 
cuN interaction. 
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